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Field of the Invention 

The present invention relates to a crystalline aluminosilicate zeolite and process for the same, 
especially relates to a rare earth-containing high-silica zeolite having penta-sil structure and process for the 
samt? arid also the application of the high- silica zeolite in hydrocarbon conversion. 

Background of the Invention 

Zeolite ZSM-5 developed by Mobil Oil Corporation (USP 3,702, 886) is a penta-sil type high-silica 
zeolite having a pore dimension of 0. 54 - 0.56 nm and a framework silica alumina ratio above 12. Based on 
the unique pore structure of the zeolite, it can be applied extensively as a catalytic material to various 
processes such as isomerization, disproportionation, catalytic cracking, catalytic dewaxing etc. However, its 
property is not satisfying in some applications. For example, when the zeolite is used in catalytic cracking 
of petroleum, the enhancement of gasoline octane is accompanied by the unavoidable obvious decrease of 
gasoline yield (J. Oil & Gas, May 13, 1985, P. 108). When it is used as an active component of a catalyst, 
the remarkable framework dealumination occurs during the hydrothermal regeneration of the catalyst may 
cause significant loss of catalyst activity and shape selectivity(USP 4, 490, 241). 

Conventionally, the adsorptive and catalytic properties of a zeolite can the modified through ion- 
exchange For example, CaA zeolite obtained by the ion -exchange of NaA zeolite with Ca ++ possesses 
excellent ability for separating normal paraffin from iso-paraffin, hence can be used in the dewaxing process 
in petroleum refining( USP 3, 201,409). REY zeolite obtained by the ion-exchange of NaY zeolite with RE 3+ 
exhibits higher activity and stability than that of NaY, hence becomes the most widely-used active 
component in catalytic cracking catalysts for decades( USP 3,402,976). In the case of ZSM-5 zeolite, the 
lower charge density within the pore channel as a consequence of the higher silica alumina ratio, the 
stronger hydrophobility, and the smaller pore opening (0.54 - 0.56 nm). make it difficult to introduce trivalent 
state cation such as RE3+ into the intra-crystalline structure (P. Cho and F. G. Dwyer, ACS, Symp Ser 
218,59- 78, 1983). 

Objects of the Invention 

One object of the present invention is to provide a rare earth-containing penta-sil type high- silica 
zeolite having narrower pore-opening for overcoming the shortcomings of the prior arts. The framework 
composition of the catalyst containing the polite of the present invention as an active component is more 
stable during the hydrothermal regeneration process. 

Another object of the present invention is to provide a process for synthesizing said high-silica zeolite. 

A further object of the present invention is to provide catalysts containing the zeolite of the present 
invention as active component. 

Summary of the Invention 

The rare earth-containing penta-sil type high-silica zeolite of the present invention is a crystalline 
aluminosilicate high- silica zeolite having an anhydrous chemical composition of the formula ( based on the 
mole ratios of oxides): 

xRE 2 0 3 yNa 2 0 AI2O3 zSi0 2 

wherein x = 0.01 - 0.30, y = 0.4 - 1.0, z = 20 - 60. Said zeolite possesses X - ray diffraction pattern listed in 
Table 1, narrower pore opening than that of ZSM- 5 zeolite, and 2 - 4 times higher normal 
hexane/cyclohexane adsorption ratio than that of ZSM-5 zeolite. 

The high-silica zeolite of the present invention is synthesized by using rare earth-containing faujasite as 
seed in a gel system composed of water glass, aluminium salt, inorganic acid, and water. 

The high-silica zeolite of the present invention can be used as catalysts for hydrocarbon conversion in a 
variety of catalytic conversion processes in the field of hydrocarbon processing and petrochemical 
processes. 



i 
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Table 1 
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X - ray diffraction pattern 
Zeolite of Example 1 



of the zeolite of the present invention 
H-type zeolite of Example 8 
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Detailed Description of the Invention 

The present invention provides a rare earth- containing penta- sil type crystalline aluminosilicate hioh 
srhca zeolite hav,ng an anhydrous chemical composition (based on the mo'le rals of 

xRE 2 0 3 yNa 2 0 Al 2 0 3 zSi02 



and 2 - 4 times higher normal 



wherein X=0.01 - 0.30. y = 0.4 - 1.0, 2 = 20 - 60. 

It possesses a X-ray diffraction pattern listed in Table 
hexane/cyclohexane adsorption ratio than that of ZSM-5 zeolite 

rarP^riT h e ' emen !f C ° ntained ** Zeolite of P"-"» In-wtoi originate from the 

rare earth- containing seeds used for synthesis. The composition of said zeolite is formed irouoh Z 
reason of rare earth-containing faujasite seeds with the gel system composing of wUr gll aluminium 
salt inorganic acid, and water. Said rare earth-containing faujasite seed is REY REHY or REX whfch 
contains 2 - 27 wt. % rare earth elements and < 7.0 wt. % sodium ( both based on * we,gh t^f o^f 

The h igh-sihca zeolite of the present invention having above-mentioned anhydro^nls^ct, be 
XXWJT —exchange and -J^K ZZX 
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Table 2 
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Table 2 indicates that, the line intensities of the XRD pattern of the high-silica zeolite of the present 
invention are evidently different from that of ZSM-5 zeolite, and some new lines appear in the XRD pattern 
of the zeolite of the present invention, which do not exist in the XRD pattern of ZSM-5 zeolite. The chemical 
composition of the high-silica zeolite of the present invention is characterized in containing intra-crystalline 
trivalent rare earth cations. The pore opening of the zeolite of the present invention is narrower than that of 
ZSM-5 zeolite, and normal hexane/cyclohexane adsorption ratio on the zeolite of the present invention is 
higher than that on ZSM-5 zeolite. Table 3 is the comparison of normal hexane/cyclohexane adsorption ratio 
between the high- silica zeolite of the present invention and ZSM-5 zeolite. 
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Table 3 

Example Adsorption Capacity, mg/g n-hexane absorbed/cyclo- 

n-hexane* cyclohexane hexane absorbed 
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* The kinetic diameter of n-hexane is 0.43 nm. 
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The kinetic diameter of cyclohexane is 0.61/im. 



As shown in Table 3, the normal hexane/cyclohexane adsorption ratios on the high-silica zeolite of the 
present invention is higher than that on ZSM-5 zeolite. 

The performance characteristics of the high-silica zeolite of the present invention, such as better 
hydrothermal stability and catalytic activity compared to ZSM- 5 zeolite, will be further described 
hereinafter. 



The present invention also provides a process for synthesizing said high-silica zeolite, comprising 
dispersing homogeneously the rare earth-containing faujasite seeds into a gel system composing of water 
glass, aluminium salt, inorganic acid, and water, crystallizing at 130 - 200 'C, preferably at 160 - 190' C for 
1 2 - 60 hours, preferably for 16 - 30 hours, filtrating, washing, and finally drying. 

The mole composition of said gel system is as follows: 



40 Si02/AI 2 0 3 = 30 - 120 
NazO/AlzOa =2-15 
H 2 0/Si0 2 = 20-100 



Said crystallization seed is REY, REHY, or REX. which contains rare earth elements 2 - 27% and 
sodium < 7.0% (both based on the weight of oxides). The amount of the seed used should satisfy the mole 
ratio of RE 2 0 3 (from seed) and Al 2 0 3 (in said gel system) being in the range of 0 01 - 0 40 
, u J a 4 id aluminium salt is A| 2<S003 . AICI 3 , and aluminium salts of phosphoric acid such as AIP0 4 Al 2 - 
foltows ' ^ AI(H2P °* )3 ' pre,erab| y AIP0 *- most Preferably AIPO* gel. AIPO* gel can be prepared as 

Pseudo-boehmite and aqueous phosphoric acid solution are mixed together homogeneously according 

LnlSff rati ° A "? ?f ° 4 1 H20 = 1 : 15 ■ 30 : 5 " 15 ' f0 " 0wed b * a 9 ei "9 *« ^te a t ambier S 
temperature for more than 4 hours, preferably for more than 24 hours, to prepare AIPCU gel 

Said inorganic acid is phosphoric acid, sulfuric acid, hydrochloric acid, or nitric acid. The amount of the 
inorganic acid used should make the PH value of the system in the range of 10 - 12 

The preparation of the rare earth-containing faujasite used as seed in the present invention is as follows: 
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REY zeolite seed 

NaY zeolite is exchanged with RECI3 solution according to the weight ratio of zeolite (dry base): RECI3 : 
H 2 0 = 1 : 0.01 - 11.0 : 10 - 100, preferably 1 : 0.1 - 0.5 : 20 - 80, for 2.0 hours, followed by filtrating and 
5 calcining in flowing dry air or 100% steam at 400 - 600'Cfor 0. 5 - 4.0 hours. The calcined zeolite may 
undergo above- mentioned exchange-calcination procedure for one more time. 

REHY zeolite seed 

10 NaY zeolite is exchanged with aqueous (NKUhSCU solution according to the weight ratio of zeolite (dry 
base): (NH^SO* : H 2 0 = 1 : 0.2 - 4.0 : 10 - 40, preferably 1 : 0.8 - 2.0 : 20 - 30, at 50 - 150° C, preferably 
80 - 120*C, for 0.2 - 20 hours, followed by filtrating. Said procedure of exchange and filtration can be 
repeated 1 - 2 times. The filter cake is calcined in flowing dry air at 400- 600 °C for 0.5 - 4.0 hours. The 
calcined zeolite is exchanged with RECI 3 solution according to the weight ratio of zeolite(dry base) : RECI3 : 

75 H 2 0 = 1 : 0.05 - 1.0 : 10 - 100, preferably 1 : 0.2 - 0.8 : 20 - 50, at 50 - 150* C, preferably 80 - 120* C, for 
0.2 - 2.0 hours. After filtration, the filter cake may be calcined in flowing dry air at 400 -600 *C for 0.5 - 4.0 
hours, or may not be calcined. 

REX zeolite seed 

20 

NaX zeolite is exchanged with RECI 3 solution according to the weight ratio of zeolite (dry base): RECb : 
H 2 0 = 1: 0.01 - 1.0 : 10 - 100, preferably 1 : 0.1 - 1.0 : 10 - 100, preferably 1 : 0.1 - 0.6 : 20 - 60, at 50 - 
1 50 • C, preferably at 60 - 120° C, for 0.2 - 2.0 hours. After filtration, the filter cake is calcined in flowing dry 
air or 100% steam at 400 - 550 °C for 0.5 - 4.0 hours. The above- mentioned exchange-calcination 

25 procedure may be repeated for the calcined zeolite. 

As mentioned above, the high-silica zeolite of the preset invention contains rare earth elements, 
possesses penta-sil type structure, has narrower pore opening, better activity- stability for hydrothermal 
treatment, and better shape selectivity, compared with ZSM- 5 zeolite. After conventional NHj exchange 
and Na + washing-off, the high- silica zeolite of the present invention can be incorporated with other active 

30 components and /or matrix components such as Si0 2 , AI2O3, Si0 2 -AI2O3, and clays, to formulate catalysts 
used in various catalytic conversion processes including hydrocarbon processing and petrochemical 
production, such as catalytic cracking, deep catalytic cracking, catalytic dewaxing, hydrocracking, 
hydroisomerization, and so forth. 

The present invention will be further described with reference to the following examples. However, these 

35 examples are not to be construed to limit the scope of the present invention. 

Example 1 

100 g (dry base) NaY zeolite having silica/alumina mole ratio of 5.0 (the Si0 2 /AI 2 03 mole ratio was 
ao determined by X - ray diffraction in all examples) as dispersed in 2100g 1.5 wt % RECI3 ( containing 49 wt. 
% Ce2(>3 and 24 wt. % La20 3 ) solution. The ion-exchange proceeded at 90 °C for 30 minutes with stirring. 
After filtration the filter cake was calcined in flowing dry air at 550 °C for 2 hours. The above-mentioned 
exchange- calcination procedure was repeated once more. The REY seed thus obtained had a chemical 
composition (wt. %) as follows: 

45 

RE 2 0 3 18.2, Na 2 0 1.5, AI2O3 19. 5, and Si0 2 60.7. 



The Na 2 0 content was determined by atomic absorption spectroscopy, while the other components 
50 were determined by X - ray fluorescence spectroscopy. 

60g (dry base) pseudo-boehmite was dispersed while stirring homogeneously in 375 g 30 wt. % 
aqueous H3PO4 solution. After keeping in still state for 24 hours at ambient temperature, the AIPO4 gel 
containing 13.5 wt. % Al 2 03 was obtained, which could be diluted to any concentration when in use. 

2.8g above-prepared REY seed was dispersed in 200g water glass containing 3.5 wt. % Na 2 0 and 1 1.1 
55 wt. % Si02. 54.9g AIPO4 gel containing 1.1 wt. % AI2O3 was added to the above mixture while stirring. A 
25 wt. % H2SO4 solution was used to adjust the PH of the above system making it into a gel state. The 
mole composition of the prepared gel was: 0.26RE 2 O 3 8.9Na 2 0 Al 2 03 60.0SiO2 0.98P 2 Os 2220H 2 O (Al 2 0 3 
from seed was not included in the calculation, same for other examples). The prepared gel was crystallized 



EP 0 550 917 A1 



at 180- C for 22 hours. After cooling and filtrating, the filter cake was washed with water to a neutral PH 
value followed by drying at 110 - 120- C . The obtained high-si.ica zeolite thereof had an anhydrous 
chem.cal composition(based on the mole ratio of oxides, same for other examples) as follows: 

5 0.9Na 2 O0.13RE 2 O3 Al 2 0 3 31.2Si02 



and had a Si02/AI 2 O 3 mole ratio of 31.2. 
Example 2 



10 



15 



m £' 59 f ° ,ite SSed prepar6d in ^P' 6 1 was dis Persed in 180 g water glass containing 38 wt % 

2in o a A , Vn r'oT° H Si ?n 38 1 9 A,P ° 4 9d COntaini " 9 11 % A,2 ° 3 was added * »» mire while 
st.r nng. A 11.0 wt % H 3 PO, solut.on was used to adjust the PH value of the system making a gel The 
mole composition of the prepared gel was: 



0.07RE 2 O 3 4.05Na 2 O Al 2 0 3 80.0SiO 2 7.6P 2 0 3142H 2 0. 

The prepared gel was crystallized at 190-C for 16 hours, followed by filtrating, washing, and drying as 
foTows m 1 " ° btained hi9h " Si,iCa 2G0,ite there ° f h3d 30 3nhydr0US Chemlcal imposition as 

0.95Na 3 O 0.03RE 2 O 3 Al 2 0 3 52.0SiO 2 
and had a Si0 2 /Al 2 0 3 mole ratio of 52.0. 
Example 3 



25 



REY zeolite seed was prepared according to the method described in Example 1 except that 100 q NaY 
zeolite having a silica/alumina mole ratio of 4.2 instead of 5.0 was used, the weight percentages of oxide 
30 components in the prepared REY seed were: «««*ges ot oxiae 

RE 2 0 3 : 20.1, Na 2 0: 1.4, Al 2 0 3 : 21.9, and Si0 2 : 56.6. 
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I o 9 ^ Se6d prepared above was d ''spersed in 195g water glass containing 3.7 wt. % Na 2 0 and 11 7 

v " u da PI' 7 9 A,P ° 4 961 containin 9 1 - 5 wt - % A| 2°3 w as added to the mixture while stirring. A 23 wt 
/o H 3 P0 4 solution was added to the system making it into gel state. The mole composition of the gel was: ' 

0.21 RE 2 0 3 3.10 Na 2 0 Al 2 0 3 50.0 SiOz 4.08P 2 Os 1680H 2 O 

40 The gel obtained was crystallized at 185' C for 20 hours, followed by filtrating, washing, and drying The 
high-silica zeolite obtained thereof had a mole composition of: 9 ' 

0.77Na 2 O 0.14RE 2 O 3 Al 2 0 3 36.3Si0 2 

45 and had a Si0 2 /Al 2 0 3 mole ratio of 36.3. 

Example 4 

100 g NaY zeolite having a silica/alumina mole ratio of 5.0 was dispersed in 2l00g 5 0 wt % (NhU, 
so SO, solution. The ion-exchange proceeded at boiling temperature for 30 minutes. Distilled water was added 
during the exchange process to maintain a constant volume. After ion-exchange and filtrating, the filter cake 
was calcmed in flowing dry air at 550 • C for 2 hours. The calcined product was added to 5000g 1 0 wt % 

5 ^T"' ThS i0,vexchan 9 e Proceeded at 90 -C for 30 minutes. After filtrating, the REHY seed 
obtained had a weight percentage composition as follows: 

55 

RE 2 0 3 10.0, NazO 0.6, Al 2 0 3 20.5, Si0 2 68.7 

3.0 g REHY seed prepared above was dispersed in 180g water glass containing 3.8 wt. % Na 2 0 and 
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11.0 wt. % Si02, 42.1g AIPO* gel containing 0.8 wt % AI2O3 was added to the mixture while stirring. A 20 
wt. % HCI solution was added to adjust the PH value of the system making it into gel state. The mole 
composition of the gel was: 

5 O.27RE2O3 12.5Na 2 0 AI2O3 100SiO2 0.97P 2 Os 3655H 2 0. 

The gel obtained was crystallized at 170*C for 30 hours, followed by filtrating, washing, and drying. 
The high- silica zeolite obtained thereof had a mole composition as follows: 

10 0.86Na2O O.O8RE2O3 AI2O3 39.5Si02 
and had a SiCVAfeCb mole ratio of 39.5. 
Example 5 

75 

100 g NaX zeolite having a silica/alumina mole ratio of 2.9 was dispersed in 2500g 1.5 wt. % RECI3 
solution. The ion- exchange proceeded at 90 0 C for 30 minutes. After filtration, the filter cake was calcined 
in flowing dry air at 550 *C for 2 hours. The weight percentage composition of REX seed obtained 
therefrom was: 

20 

RE2O3 18.5, Na20 6.0, AI2O3 27.9, SiCfe 47.6 

1.0 g prepared above REX seed was dispersed in 180 g water glass containing 3.5 wt. % Na2 0 and 

11.1 wt. % Si0 2 . 42.5 g AICI3 solution containing 1.0 wt. % AI2O3 was added to the mixture while stirring. A 
25 30 wt. % H3PO4 solution was used to adjust the PH value of the system making it into gel state. The mole 

composition of the gel was: 

0.13 RE2O3 7.0Na 2 O AI2O3 80.0SiO 2 7.2P2O5 2785H 2 0. 

30 The obtained gel was crystallized at 150° C for 45 hours, followed by filtrating and washing. The high-silica 
zeolite obtained thereof had a mole composition as follows: 

0.84Na 2 O O.O7RE2O3 AI2O3 42.9Si0 2 

35 and had a SiCVAbCb mole ratio of 42.9. 

Example 6 

REX zeolite seed was prepared according to the method described in Example 5 except that the same 
40 exchange- calcination procedure was repeated once more after the filter cake was calcined in flowing dry 
air at 550 * C for 2 hours.The weight percentage composition of REX seed obtained was: 

RE2O3 25.0, Na 2 0 1.3, Al 2 0 3 26.6, Si0 2 47.0. 

45 2. 0 g prepared REX seed was dispersed in 200g water glass containing 3.7 wt. % Na2 0 and 11.7 wt. 
% Si02. 75.8g AIPO4 gel containing 1.5 wt. % AI2O3 was added to the mixture while stirring. A 5.1 wt. % 
H3PO4 solution was used to adjust the PH value of the system making it into gel state . The mole 
composition of the gel was : 

SO O.I4RE2O3 2.2Na 2 0 AI2O3 35.0SiO 2 2.8P 2 0s 1580H 2 O 

The gel obtained was crystallized at 195° C for 13 hours, followed by filtrating , washing, and drying. The 
high -silica zeolite obtained thereof had a mole composition as follows: 

55 0.81 Na 2 0 0.10RE 2 O 3 Al 2 0 3 24.8Si0 2 

and had a Si02/AI 2 0 3 mole ratio of 24.8. 
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Example 7 



REX zeolite seed was prepared according to the method described in Example 5 except that the same 
exchange - calcination procedure was repeated once more after the filter cake was calcined in flowing 
■ 100% steam at 550'C for 2 hours. The weight percentage composition of REX seed obtained was 9 

RE 2 0 3 25.2, Na 2 0 1.1, AbOs 25.1, S1O2 48.6. 



10 % 



<Jn 9 JSTT?! LSf? *"? ^ diSPerSed in 1130 9 Water 9,ass contai ™9 3.5 wt % rfeO and 11.1 wt 
i u.i?^.??^.. 80 !'°" f° nt ! inin9 . 2 - 5 ^ % Al2 ° 3 was added t0 the ™«™ while stirring . A 20 



z^jsszr* to •** pH va,ue of * e system making * int ° 9ei state • 

0.36 RE 2 0 3 9.7 NaaO Al 2 0 3 65.6 Si0 2 2380 H 2 0. 

ThaW^r T Cry ! ta " i2ed at 180 * C for 20 hours • flowed by filtrating, washing . and drying 

The high-silica zeolite obtained thereof had a mole composition as follows: 

0.77 Na 2 0 0.15 RE 2 0 3 Al 2 0 3 34.5 SiGfe 

and had a SiCVAbOs- mole ratio of 34.5. 

Examples 8-14 

The high-silica zeolites prepared in Examples 1-7 were ion- exchanged at 90 -C for 1 hour 
respectively, according to a weight ratio of zeolite : (NH^SO* : H 2 0 = 1 • 1 • 20 After filtration L, 
exchange- Ration procedure was repeated once more. The filter cake was then drieJ * 0 120'C 

^JZ'tfAEi The respective H " * pe products were thus obtai - ™* ~ 

Comparative Example 1 

Na O L?ip?n^-^ d c WaS ,, diSP8rSed 1 litfe Water 9lass (s P ecific 9 ravitv 13 > containing 40.5 g/l 

35 ?? Am 9 w ? 2 , V 6 9 33 " t % ethy ' amhe SOluti0n and 51 °9 AI ^ S0 *)3 lotion containing 70 
2 . / «, subsequently to the mixture while stirring. A dilute H 2 SO< was used to adjust the 

P H value of the system making it into gel state. The mole composition of the gel was : 

7.9 Na 2 0 Al 2 0 3 60.0SiO2 15.0 C 2 H 5 NH 2 2500H 2 O 



30 



40 



The gel obtained was crystallized at 140' C for 50 hours, followed by cooling, filtrating, washing and 
drying. The anhydrous mole composition of the prepared ZSM-5 zeolite was : 9 ' 



1.03 Na 2 OAI 2 0 3 45.8 Si0 2 



45 



^prepared ZSM-5 zeolite had a X - ray diffraction pattern listed in Table 2, and a SiCVAfeOs mole 



ratio 

Comparative Example 2 



50 



55 



The corresponding H-ZSM-5 zeolite was prepared from ZSM- 5 zeolite of comparative Example 1 
according to the method described in Examples 8-14 and a weight ratio of zeolite : (NH* SoT • HbO^I 
1 : 20. Its adsorption property was listed in Table 3. * 

Example 15 Stability Test 

1271 k t E T P,e " WaS *™«*«*« twice with a 5 wt. % (NH^SO, aqueous solution at 
90 C for 1 hour (each time) accord.ng to a weight ratio of zeolite (dry base): (NH»fcSQ. = 1 ■ 1 The ion- 
exchange was followed by filtrating, washing, drying at 110- 120'C . and calcining at 550-C for 2 hours 



9 
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The H-type zeolite obtained thereof containing 1.9 wt. % RE 2 0 3 and 0.03 wt. % Na 2 0. 

The washed and dried samples were treated in 100% steam at 800 *C for 1, 2, 4 and 8 hours 
respectively. Relative crystallinity retention of the treated samples were determined by X-ray diffraction, 
wherein the relative crystallinity retention was defined as the ratio of the intensity of the diffraction line at 
5 the position of Cuk 23.0 of the treated sample and the original sample. The results were listed in Table 4. 

Table 4 



Treating time 


Crystallinity retention(%) 


(hr.) 




1 


90.1 


2 


86.0 


4 


85.1 


8 


85.0 



After treated in 100% steam at 800 *C for different time length, the H-type zeolite samples were tested 
in a pulse rector at 480° C using n-Cu alkane as feedstock to evaluate cracking activity, wherein activity = - 
(1 -fraction of unconverted n-Cu ) X 100%. The results were listed in Table 5. 

20 

Table 5 



Treating time 
(hr.) 


n-d* cracking activity(%) 


0 


100 


1 


94 


2 


85 


4 


80 


8 


70 



Comparative Example 3 

35 

ZSM-5 zeolite was treated according to the method of Example 5 to obtain H-2SM-5 containing 0.01 wt. 
% Na 2 0. 

The washed and dried H-ZSM- 5 samples were treated in 100% steam at 800 a C for 1, 2, 4, and 8 
hours respectively. The relative crystallinity retention of the treated samples were listed in Table 6. 

40 

Table 6 



Treating time 


Crystallinity retention( %) 


(hr.) 




1 


94.0 


2 


94.2 


4 


94.0 


8 


92.8 



50 

After treated in 100% steam at 800 °C for different time length, the H-ZSM-5 samples were tested in a 
pulse reactor at 480* C and atmospheric pressure using n-Cu as feedstock to evaluate cracking activity. 
The results were listed in Table 7. 



55 



» 



35 



40 



45 



50 
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Table 7 



i. 



1 r j 



20 



25 



30 



Treating time 


n-Cu cracking activity( %) 


(hr.) 


0 


100 


1 


67 


2 


62 


4 


45 


8 


30 



The results in Tables 4-7 show that, after treated under rather severe condition, the relative crystallinity 
retention ol the high-silica zeolite of the invention can maintain a level above 85%. As far as the fiqures of 
the crystallin.ty retention are concerned, the hydrothermal structure-stability of the zeolite of the invention 
seems sightly lower than that of H-ZSM-5. However, the hydrothermal activity-stability of the zeolite of the 
invention is significantly higher than that of H-ZSM-5. 

Example 16 Activity for deep catalytic cracking 

5.3 kg aluminium sulfate solution containing 7.0 wt.% Al 2 0 3 was dispersed homogeneously in 20 ko water 
glass (modulus 3.2) containing 5.5 wt. % Si0 2 by stirring. A 10 wt. % ammonia water was used to adjust 
the PH value to 6.5 - 7.5. A silica- alumina gel containing 25 wt. % Al 2 0 3 was obtained 

0.145 kg high- silica zeolite prepared according to the method described in Example 1 was ground and 
dispersed ,n the above- prepared silica-alumina gel. After homogenizing and spray- drying, the product was 
tw*:e exchanged with( NH* ) 2 SO* followed by washing and drying. The catalyst for deep catalytic cracking 
obtained contained 9 wt. % high-silica zeolite of the invention and less than 0.1 wt % NazO 

« H Th ! T, Pared ° atalySt W3S treat6d in 100% steam at 800 ,or 4 nours > ™<* then tested in a pilot fixed- 
fluidized bed reactor under reaction condition: 580 ■ C, cat/oil ratio 5.0 and WHSV 1 0 h~' The feedstock 

used was a VGO having a distillation range of 197 - 479 -C and Conradson carbon 0.06 wt. %. The results 
of the deep catalytic cracking test were listed in Table 8. 



55 
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Table 8 



Conversion, wt % 84.56 
Product yield, wt. % 

Cracking gas 50.65 

H 2 0.38 

CH 4 3.18 

C 2 H6 1.61 

C 2 H 4 4.20 

CjHg 3.69 

C 3 H 6 17.96 

i-C 4 ° 3.66 

n-C 4 ° 1.28 

C 4 -l 2.41 

i-C 4 = 6.36 

t_ C" -2 3.45 

cis-C;-2 2.47 

Gasoline(C5 - 221 tj) 26.22 

LCO(221 - 330 1) 9.78 

Heavy oil( > 330rj) 5.66 



Coke 

c 2 = +c?+c; 



7.69 
36.85 

14.69 



Comparative Example 4 

The catalyst was prepared according to the method described in Example 16 except that 0. 323 kg 
ZSM- 5 zeolite was used for the preparation of catalyst instead of the high- silica zeolite prepared in 
Example 2 of the present invention. The deep catalytic cracking catalyst obtained thereof contained 18 wt. 
% ZSM-5 zeolite. The same reaction condition and feedstock as used in Example 16 were used herein for 
the deep catalytic cracking test. The results were listed in Table 9. 
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15 



20 



25 



Table 9 

Conversion, wt % 84.77 
Product yield, wt. % 

Cracking gas 48.30 

H : 0.37 

CH 4 3.10 

C 2 H 6 1.59 

C 2 H 4 3.68 

C 3 H 8 3.26 

C3H6 17.04 

1-C4 3.29 

n : Q° 1.13 

C< - 1 2.40 

i_ C 4 6.44 

t-c; -2 3.50 

cis-C 4 "-2 2.50 

Gasoline(C5 ~ 221*C) 29.04 

LCO(221 - 330C) 9.96 

Heavy oil( > 330'c) 5 27 



30 



Coke 



7.43 



35 



40 



45 



50 



55 



C 2 +C 3 +C 4 " 35.56 
c 4~ 14.84 

The data listed in table 8 and 9 show that although the content of the high-silica zeolite of the present 
invention in the deep catalytic cracking catalyst is only half of the content of ZSM- 5 zeolite in the 
comparative catalyst, the conversion levels in both catalysts are nearly the same and the olefin yield on the 
former catalyst is even slightly higher. 

Example 17 

The silica-alumina gel containing 25 Wt. % AI2O3 prepared in Example 16 was also used in this 
example. 

0.368 kg high-silica zeolite prepared according to the process described in Example 1 was ground and 
dispersed in the above- mentioned silica-alumina gel. After homogenizing and spray- drying, the product 
was ion-exchanged twice with (NH 4 )2 SO* followed by washing and drying. The octane- enhancement 
promoter for catalytic cracking obtained contained 20 wt. % high-silica zeolite of the invention and less than 
0. 1 wt. % Na 2 0. 

The promoter obtained was treated in 100% steam at 760 -C for 4 hours. After treatment it was 
dispersed, according to a ratio of 1 :99, to an industrially balanced Y-7 catalyst(REY zeolite based cracking 
catalyst, produced by the catalyst factory of Qilu Petrochemical Corp., SINOPEC). The well-mixed catalyst 
was tested in a fixed- fluidized b d reactor under reaction conditions of 500* C, cat7oil ratio 3.8, and WHSV 
8.0 h~' , using VGO (same as the VGO used in Example 16) as feedstock. The results were listed in Table 
1 0« 
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Table 10. 



Conversion, wL % 



Balanced Y-7 
catalyst 

62.26 



Balanced Y — 7 catal vst 
mixed with the promoter 
of the present invention 

68.55 



75 



20 



25 



Product yield, wt. % 








1.63 


1.44 


Ca — d 


14.34 


16.45 


Gasoline(C5 - 22 1C) 


46.85 


47.31 


LCO(221 - 330^) 


18.90 


18.42 


Heavy oil ( >330t:) 


14.84 


13.03 


Coke 


3.44 


3.35 


Gasoline RON( clear) 


89.2 


91.0 


MON( clear) 


78.6 


80.2 


Octane— barrel 


4179.0 


4305.2 



30 



35 



Comparative Example 5 

The octane-enhancement promoter for catalytic cracking was prepared according to the process 
described in Example 17 except that 0.368 kg ZSM-5 zeolite was used instead of high-silica zeolite 
prepared in Example 1 of the present invention. The content of ZSM-5 in the prepared promoter was 20 wt. 

%. 

The prepared octane-enhancement promoter was treated in 100% steam at 760 °C for 4 hours. The 
treated sample was dispersed, according to a ratio of 1:99, to an industrially balanced Y-7 catalyst. The 
well-mixed catalyst was tested for its activity in catalytic cracking reaction according to the process 
described in Example 17. The results were listed in Table 11. 



40 



Table 11. 



45 



Balanced Y-7 Balanced Y-7 catalyst 
catalyst mixed with ZSM-5 promoter 



Conversion, wt % 



62.26 



66.56 



50 



55 
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Product yield, wt % 



H 2 - C 2 


1.63 


1.43 


C3 — C4 


14.34 


15.57 


Gasoline(C5 - 221*C) 


46.85 


46.20 


LCO(221 - 330C) 


18.90 


18.50 


Heavy oil ( >330£) 


14.84 


14.94 


Coke 


3.44 


3.38 


Gasoline RON( clear) 


89.2 


90.3 


MON( clear) 


78.6 


79.5 


Octane -barrel 


4179.0 


4171.9 



The data listed in Table 10 and 11 show that the octane-enhancement promoter containing high-silica 
zeolite of the present invention has higher gasoline octane-barrel and hydrothermal activity-stability. 

20 Claims 

1. A synthetic crystalline aluminosilicate zeolite having an anhydrous chemical composition(based on 
moles of oxides) of formula: 

25 XRE2O3 yNa 2 0 AI2O3 zSiCfe 

wherein x = 0.01 - 0.30, y = 0.4 - 1.0, z = 20 - 60; 

said zeolite possessing penta-sil type structure and a X - ray diffraction pattern listed in Table 1 , 
and its normal hexane adsorption/cyclohexane adsorption ratio being 2-4 times higher than that of H- 
30 ZSM-5 zeolite. 

2. A zeolite according to claim 1, wherein the composition of said zeolite is formed through the reaction of 
rare earth- containing faujasite seeds with the gel system comprising water glass, aluminium salt, 
inorganic acid and water. 

35 

3. A zeolite according to claim 1 , wherein the rare earth- containing faujasite seed is REY, REHY, or REX. 

4. A zeolite according to claim 3, wherein the rare earth-containing faujasite seed contains 2 - 27% rare 
earth elements and < 7.0% sodium(both based on the weight of oxides). 

40 

5. A process for synthesizing the crystalline aluminosilicate zeolite of claim 1, comprising dispersing rare 
earth- containing faujasite seed in a gel system comprising water glass, aluminium salt, inorganic acid 
and water, with oxide mole ratio Si0 2 /Al 2 0 3 = 30 - 120, Na 2 0/Al 2 0 3 = 2 - 15, and H 2 0/Si0 2 20 - 100 
and crystallizing in a still-state at 130 - 200 °C for 12 - 60 hours followed by filtrating, washing, and 

45 drying. 

6. A process according to claim 5, wherein said seed is REY, REHY, or REX, containing rare earth 
element 2 - 27% and sodium < 7. 0% (both based on the weight of oxides). 

50 7. A process according to claim 5, wherein the amount of the seed used should satisfy the mole ratio of 
RE 2 03 (from seed) and Al 2 0 3 (in said gel system) being in the range of 0.01 - 0.40. 

8. A process according to claim 5, wherein said aluminium salt is AI 2 (S04)3. AICI3, AIPO*. AI 2 (HP04) 3 , or 
AI(H 2 P04)3. 

55 

9. A process according to claim 8, wherein said aluminium salt is AIPO4. 

10. A process according to claim 9, wherein said aluminium salt is AIPO4 gel. 
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11. A process according to claim 5, wherein said inorganic acid is phosphoric acid, sulfuric acid, 
hydrochloric acid, or nitric acid. 

12. A process according to claim 5, wherein the amount of said inorganic acid used should make the PH 
5 value of the system in the range of 10 - 12. 

13. A process according to claim 5, wherein said still- state crystallization proceeds at 160 - 190 °C for 16 - 
30 hours. 

70 14. Hydrocarbon conversion catalysts containing zeolite of claim 1. 

75 

20 

25 

30 

35 

40 

45 

50 



16 



* • 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Application Number 



EP 92 20 0061 



Citation of document with indication, where appropriate, 
of rcrevant pi 



CLASSIFICATION OF THE 
APPLICATION (Int. CL5 ) 



CHEMICAL ABSTRACTS, vol. 116, no. 2, 
13 January 1992, Columbus, Ohio. US; 
abstract no. 8488Z, 
page 109 ; column LEFT ; 

* abstract * 

& CN-A-1 052 290 (CHINA PETRDCHEM. CORP.) 19 
June 1991 

US-A-3 322 690 (BILISOLY) 

* claim 1 * 

US-A-3 607 043 (CARL VANCE MC DANIEL LAUREL ET 
AL) 

* claim 1 * 

US-A-4 175 114 (PLANK ET AL) 

* column 4, line 58 - column 5, line 18 * 

EP-A-0 156 595 (MOBIL OIL CORP.) 

* page 17. line 1 - line 20: claim 1 * 

US-A-4 309 313 (BARRETT ET AL) 

* column 5, line 46 - column 6, line 45; claim 7 



EP-A-0 111 748 (HOECHST AG) 

* page 4, line 11 - page 6, line 29 * 



1 



C01B33/34 
B0U29/06 



TECHNICAL FIELDS 
SEARCHED (Int. CL5 ) 



C01B 



5,9.11 



The present search report has been drawn up for all daunt 



BERLIN 



14 SEPTEMBER 1992 



CLEMENT J-P. 



1 



o 

6 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or prindple underlying the fovenfjoo 
E : earlier patent document, bet published on, or 

after the filing eatc 
D : document dted in the application 
L : document dted for other 



ft : member of the same patent family, corresponding 



